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Abstract 
Nowadays Electromagnetic interface is a great concern in many fields which electronic devises are used like military, aerospace 
and communication. This problem can interpret the devise functionality and in some cases can cause data loosing. 
Electromagnetic absorbers were used widely in different wavelength regions, especially microwave, to reduce this unwanted and 
mortal effect. Polymeric nanocomposites are one of the most important materials that used in this context due to their low weight. 
Aim of this research is to make a polymeric nanocomposite containing magnetic nanoparticles, with high shielding effectiveness 
that can be used in electronic devices for reducing electromagnetic interface between different parts. At first, iron/wüstite 
nanostructures with 28 nm in size, were synthesized by arc discharge method in deionized water. After that nanoparticles powder 
with 20, 40 and 60 weight percentages were dispersed well in resin epoxy as polymeric matrix. Scattering parameters were 
measured for samples by VNA analysis and shielding effectiveness was calculated for them that the maximum value was for 
sample with 60 weight percentage of nanostructures with 55 dB in 12.3 GHz. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In recent years, fast growth in application of electronic devices, such as computer local area networks, personal 
communication systems and personal computers has caused more and more electromagnetic radiation pollution to 
environment that is harm for human beings. In addition electromagnetic interface between electronic devices can 
interpret their functionality and in some cases can cause data loosing, Jia Huo et al. (2009), Kun Jia et al. (2010). 
Therefore considerable theoretical and experimental investigations have been done on electromagnetic interface 
shielding (EMI) materials and microwave absorbers, Kun Jia et al. (2010). The shielding effectiveness of an 
electromagnetic shield is typically defined as the ratio of an electric or magnetic field magnitude without the shield 
in place to the field magnitude with the shield in place, David M. Pozar (2011). An EMI material should have light 
weight, high EMI shielding effectiveness and tunable shielding frequency. Polymeric nanocomposites due to their 
light weight and variable properties were one of the particular candidate for this application, Jia Huo et al. (2009), 
M. Jalali et al. (2011), Veena Choudhary (2012), Ailton De Souza Gomes (2012). In this case magnetic 
nanostructures cause of their superior property of large magnetic loss and great resistivity have been utilized as 
nanofiller in these kind of materials, Kun Jia et al. (2010), Veena Choudhary (2012), Guiqin Wang (2013). The aim 
of this research is to investigate the effect of iron/wüstite nanostructures on shielding effectiveness of polymeric 
nanocomposites. Nanostructures are synthesized by arc discharge method in deionized water medium and then their 
powder are dispersed in resin epoxy matrices in 20, 40 and 60 by weight percentage. This research provides a simple 
way to prepare a shielding material with high shielding effectiveness. 
2. Materials and Methods 
2.1. Nanoparticles synthesis 
At first nanoparticles are synthesized by arc discharge method in deionized water. For this purpose a handmade 
reactor is designed and fabricated that shown in Fig. 1. This system include of a DC high power supply, arc 
chamber, pure iron electrodes, holders and gap adjusting system between the electrodes. During the synthesis, 
electrodes are submerged in water and are vertically placed along the same axis. Initially, two electrodes are brought 
into contact leading to a high current density. Pure iron rods with diameter 5 mm are used as the electrodes and 40 A 
current are applied between them. After preparation, samples are characterized by UV-Visible spectroscopy by 
SPUV-62 UV-VIS Spectrophotometer, scanning electron microscopy by HITACHI S-0121 and X-ray diffraction by 
PANalytical- X’Pert Pro MPD with Cu kα (λ=1.54 A°) wavelength. 
 
Fig. 1. Schematic of arc discharge setup in deionized water. 
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2.2. Polymeric nanocomposites preparation 
     For preparing nanocomposites with 20, 40 and 60 weight percentage, initially nanoparticles are synthesized 
and dried as powder. In next step, nanoparticles powder are dispersed in appropriate amount of resin epoxy and 
moulded. Nanocomposites thickness are 1 mm. After 2 days nanocomposites are ready for characterization, Fig. 2. 
Polymeric nanocomposites are characterized by vector network analyser (VNA) to measure scattering parameters, 
(S11, S12, S21, S22), in X-band region.  
 
 
Fig. 2. Polymeric nanocomposite ready for VNA characterization. 
3. Results and Discussion 
     XRD pattern of nanoparticles is shown in Fig.3 and demonstrated several peaks that two of them at 44.73° and 
65.08°  correspond to (011), (002) crystal phase of α-iron structure. The other peaks at 36.19°, 42.02° and 60.92° 
correspond to (111), (002) and (022) crystal phase of FeO structure. Due to the higher intensity of iron peaks, the 
percentage of α-iron structure in nanoparticles is more than FeO structure. 
 
 
Fig. 3. XRD pattern of iron/wüstite nanoparticles. 
     The SEM image of sample is shown in Fig. 4. Nanoparticles have spherical shapes and a narrow size 
distribution. The mean size of nanoparticles is 28 nm. Size distribution is shown in Fig. 5. Optical transmission 
spectra of sample is shown in Fig. 6. It is similar to iron oxide nanoparticles transmission spectra. This result 
demonstrates that there is an oxide layer on the nanoparticles and they have core-shell structure probably. 
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Fig. 4. SEM image of iron/wüstite nanoparticles. 
 
Fig. 5. Size distribution of iron/wüstite nanoparticles. 
      
 
Fig. 6. Optical transmission spectrum of iron/wüstite nanoparticles. 
     As Eq. 1 demonstrate, the total shielding effectiveness of a shielding material is the sum of shielding due to 
reflection (SER), and shielding due to absorbance (SEA) of the material. 
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     By S-parameters values, the reflection (R), transmission (T) and effective absorbance (Aeff) can be obtained by 
Eq. 2, Eq. 3 and Eq. 4 respectively. 
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     Finally the portion of reflection and absorbance in shielding effectiveness were calculated by Eq. 5 and Eq. 6. 
            1010log (1 )RSE R                                                                                                                       (5) 
           1010log ( 1 )ASE T R                                                                                                                   (6) 
Total shielding effectiveness of nanocomposites are shown in Fig. 7. As illustrated, SE for each of 
nanocomposites have three maximum in 8.8, 11 and 12.3 GHz. By increasing the percentage of nanostructures, due 
to the more nanostructures, more absorption and reflection mechanism activated and as a result, SE in all 
frequencies increased. Nanocomposite with 60 percentage of nanostructures have maximum SE value, 55 dB in 12.3 
GHz. 
 
Fig. 7. Total shielding effectiveness of nanocomposites with 20, 40 and 60 weight percentage of nanostructures. 
4. Conclusion 
     At first iron/wustite nanostructures are synthesized by arc discharge method in deionized water. XRD and 
SEM analysis and UV-Visible spectroscopy indicate the purity and narrow size distribution of nanostructures. Then 
nanocomposites samples with 20, 40 and 60 weight percentage are prepared by dispersing nanostructures powder in 
resin epoxy matrices. S-parameters are measured for nanocomposites by VNA analysis and then shielding 
effectiveness are calculated by these parameters. Shielding effectiveness increase by increasing the amount of 
nanostructures in nanocomposites, which it is due to the activation of more absorption and reflection mechanism in 
samples. The maximum value for shielding effectiveness is for sample with 60 weight percentage of nanostructures 
with 55 dB in 12.3 GHz. 
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